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ABSTRACT. This paper focuses on the role of the aesthetic in the ways science and 
mathematics teachers experience, situate themselves within, and negotiate boundaries between 
the subject cultures of mathematics and science. Six mathematics and/or science teachers from 
two secondary schools were videoed and observed in the classroom then interviewed over a 
period of eighteen months. The paper outlines teachers’ commitments to the subject, their 
teaching and their students using the three components of a theoretical framework called 
“aesthetic understanding”: the compelling and dramatic nature of understanding (teachers’ 
motivations and passions); understanding that brings unification or coherence (relationships 
between disciplinary commitments and knowing how to teach); and perceived transformation of 
the person (teacher identity and positioning). This research has shown that problems arise for 
teachers when they lack such aesthetic understanding, and this has implications for teachers who 
teach subjects for which they have limited background and training. 
 
 
Introduction 
Science and mathematics are often closely associated during discussions about teaching and 
learning. This is reflected in the common expectation that teachers trained in either junior 
secondary maths or science will teach both at some time in their career. This suggests an 
assumption that maths and science have elements in common, such as common ways of 
thinking. This, in turn, implies assumptions about what might be common in terms of 
pedagogies appropriate for the two subjects (see, for example, Beane, 1995; Berlin & White, 
1995). Little research, however, investigates how teachers internalize and deal with these 
assumptions. 
 As disciplines, mathematics and science are distinguishable epistemologically and 
methodologically, and these differences are represented in the subject matter, pedagogies and 
purposes associated with their respective school versions. These differences place demands on 
teachers as they make decisions about what needs to be taught, the methods used, and the 
value that the subjects might have for students. The subjects are recognizably different; as are 
the ways students and teachers have been traditionally perceived in relation to those subjects. 
Goodson (1993, p.31) describes the distinctive nature of school subjects, and how such 
organisational structure influences the ways teachers relate to the subjects and their students:  
[the] “subject” is the major reference point in the work of the contemporary 
secondary school: the information and knowledge transmitted in schools is formally 
selected and organised through subjects. The teacher is identified by the pupils and 
relates to them mainly through her or his subject specialisation. 
Research is needed to understand how teachers experience the different demands that school 
mathematics and science place on teaching and learning. Of particular interest is how teachers 
construct for themselves these two subjects, and factors that influence the way teachers 
negotiate the boundaries that exists within the secondary school context.  
 The research reported in this paper explores how teachers’ experiences with the 
subjects influence them as they teach across maths and science. Negotiating subject 
boundaries requires that a teacher understand the language, epistemology and traditions of the 
subject, and how these things govern what is appropriate for teaching and learning. Teachers 
are, in a sense, inducted into the culture of the subjects by way of their own experiences of 
doing, using, learning and teaching mathematics and science. This research gains insight into 
the subject cultures of secondary mathematics and science from the perspective of the teacher 
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and his/her classroom practice, focusing on the personal aspects of teaching, including how 
teachers see themselves as teachers, learners and participants with respect to mathematics and 
science. Teachers’ level of confidence with, and commitment to, both the discipline’s subject 
matter and the pedagogical moves required to present that subject matter is juxtaposed with 
their views of themselves as teachers operating within different subject cultures.  
 
Relationship between subject culture and the individual 
I am approaching this relationship between subject culture and pedagogy from the individual 
teacher’s perspective, recognising that, although there may be a (or a number of) subject 
culture(s) that these teachers are operating within and contributing to, the teachers respond to 
this in their own way dependent on the sum of their personal beliefs, experiences, knowledge 
etc. Borrowing from cultural theory relating to cultural organization and leadership, I am 
framing subject culture as those patterns of “shared basic assumptions that the group learned 
as it solved its problems of external adaptation and internal integration” (Schein, 1992). These 
assumptions work well enough to be considered valid and are taught to new members during 
enculturation. In the teaching context, enculturation involves a lifetime of experiences of 
learning, practicing and teaching the subject. If the “group” here refers to all science teachers 
across all schools, then subject culture refers to those shared basic assumptions that govern 
the dominance of certain “subject paradigms” (what should be taught) and “subject 
pedagogies” (how this should be taught) (Ball & Lacey, 1980). These basic assumptions act 
as signposts and guidelines for teaching and learning the subject.  
 Paechter (1991) prefers to use the term “subject subculture” to recognise that every 
school is likely to have their own consensual view about the nature of the subject, the way it 
should be taught, the role of the teacher, and what might be expected of the students. Schwab 
(1969) refers to this consensus as unity, which he sees as important in providing opportunities 
for group action (see also Ball and Lacey, 1980). Schwab also impresses the importance of 
diversity of practice and beliefs amongst teachers. This view acknowledges that teachers will 
bring with them their own interpretation of teaching the subject. Similarly, Goodson (1985) 
argues that teachers have a personalised concept of a subject and what constitutes the practice 
of teaching.  
 This perspective on subject culture supports the assumption that a teacher’s 
construction of the subject (including what and how it is taught) and the role of the teacher 
and learner, is mediated by a teacher’s lens of personal beliefs, knowledge and experiences. It 
makes sense then, that the effect of the subject culture on shaping pedagogy is mediated by a 
lens of personal beliefs about what constitutes the subject, teaching and learning. 
Consequently, decisions about teaching and learning are likely to be based on experiences of 
the subject cultures and from life. Such experiences are likely to evoke in the teacher a 
response that is not only cognitive, but also affective.  
  
The aesthetic in education 
The aesthetic became important to my explorations of subject culture and pedagogy when I 
became attentive to how teachers constructed themselves in relation to the subject. Teachers 
recognised that their interest in the topic under instruction had a strong bearing on how they 
taught. Subsequently, my interests turned to exploring the idea that teaching and knowing 
how to teach involves both cognitive and affective dimensions. Zembylas (2005b) recognises 
that emotion and cognition are inextricably linked in the process of student learning. I assert 
that the same can be said for teachers in their development as maths or science teachers.  
 Increasing attention is being given to the affective domain as researchers explore its 
centrality in the learning of mathematics (Bishop, 1991; Sinclair, 2004), learning of science 
(Alsop, Ibrahim, & Kurucz, 2006; Chandrasekhar, 1990; Zembylas, 2005b) and learning in 
general (Beijaard, Meijer, & Verloop, 2004; Ivie, 1999; Pajares, 1992; Schwab, 1978; 
Zembylas, 2005a). The affective domain is often separated from cognition (Sinclair, 2004). 
Aesthetics is part of the affective domain, as are beliefs, values, attitudes, emotions and 
feelings, self-concept and identity (Schuck & Grootenboer, 2004).  
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 Educational research into the nature and importance of the aesthetic has centred 
predominantly on its role in learning (Gadanidis & Hoogland, 2002; Girod, Rau, & Schepige, 
2003; Wickman, 2006). Other research focuses on the role of the aesthetic in the activity, 
psychology and affective response of scientists and mathematicians to their discipline, often 
with the intent of informing mathematics and science teaching of that which provokes an 
aesthetic response (Burton, 2002, 2004; Sinclair, 2004). For example, Sinclair (2004) explains 
that the aesthetic has long been claimed to play a central role in developing and appreciating 
mathematics. Recognition of the beauty of mathematics stems from the Ancient Greeks who 
believed in the affinity between mathematics and beauty based on its order, symmetry, 
harmony and elegance. This is often called the aesthetic of mathematics, but such an aesthetic 
is often removed from the mathematics curriculum (Doxiadis, 2003) and the mathematics 
story is shortened to a sequence of steps that can result in students failing to experience the 
pleasure of the process (Gadanidis & Hoogland, 2002).  
In science also, the words beauty, inspiring, artful and passion are often used by 
scientists to describe their work (Girod, Rau & Schepige, 2003). “The scientist does not study 
nature because it is useful; he studies it because he delights in it, and he delights in it because 
it is beautiful…intellectual beauty is what makes intelligence sure and strong” (Poincare, 
1946, quoted in Girod et al., 2003, p. 575). Science educators draw from the discipline of 
science the important ideas, behaviours and dispositions that should be presented to students. 
If science is characterised as being analytic, logical, objective and methodological, this is then 
translated in classrooms as requiring students to be removed critical observers of objects, 
events and the world. By comparison, Girod et al. (2003) make the point that some scientists 
“portray science with an opposing personality—one that draws us in, begs our curiosity, 
passion, and emotion” (p.575), which, if translated to the classroom, they claim can improve 
the quality of the learning experience.  
These portrayals of science and mathematics as eliciting an affective response such as 
curiosity and the pleasure of the process are in contrast to the objects of science and 
mathematics that “are amenable to a rational and cognitive inquiry” (Wickman, 2006, xii). 
Understanding these contrasting positions comes from Dewey’s theory of aesthetic 
experience. Dewey breaks down false binaries such as objective and subjective, logic and 
intuition, thought and feeling, mind and heart, and think and feel. Wickman explains that in 
an aesthetic experience the inner emotional world is continuous with the outer world, meaning 
that one cannot think of one without the other. The cognitive (factual, what is the case) cannot 
be conceived of without the normative (values, what ought to be) in an aesthetic experience 
(which is evaluative). In keeping with this epistemology, Girod et al. (2003) claim that “from 
the perspective of aesthetic understanding, science learning is something to be swept-up in, 
yielded to, and experienced. Learning in this way joins cognition, affect, and action in 
productive and powerful ways” (p.575-576). 
Limited research seeks to clarify the role of the aesthetic in teachers’ work (see Ivie, 
1999), however, teaching is often referred to as an artistry (see, for example, Rubin, 1985). 
This paper focuses on the role of the aesthetic, specifically aesthetic understanding, in the 
relationship between subject culture and pedagogy. I frame this in terms of not so much what 
and how the teachers learn, but how their aesthetic understanding relating to teaching 
mathematics and science can give insight into how teachers negotiate boundaries between the 
subjects of mathematics and science and their enacted subject cultures. In particular, the aims 
of the paper are to: 
 focus on how teachers construct themselves as teachers of a subject for which they 
have a level of commitment and about which they hold beliefs and values; and 
 explore the degree to which and in what manner the teacher has an aesthetic response, 
as part of their personal response to the subject cultures within which they teach.  
To do this, I use the framework of aesthetic understanding from Girod et al. (2003) to 
explore how the teachers’ construction of the subject and teaching is not simply cognitive but 
has an aesthetic dimension. “Aesthetic understanding is a rich network of conceptual 
knowledge combined with a deep appreciation for the beauty and power of ideas that literally 
transform one’s experiences and perceptions of the world” (p.578).  
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The study 
The paper forms part of a doctoral study associated with a Deakin University ARC Linkage 
Project with the Victorian Department of Education and Training called Improving Middle 
Years Mathematics and Science (IMYMS)1. Six teachers of maths and/or science from two 
schools (School A and School B), teaching across Years 7 to 10, participated in a dialogue 
with me and each other over a period of about one year in order to understand differences 
between the subject cultures of mathematics and science.  A variety of qualitative methods 
were selected that would support and feed into this dialogue. These methods are outlined 
below.  
 Two sequences of lessons in mathematics and/or science were observed for each 
teacher in order to gain some insight into the general practice of the teachers. 
 Two of these lessons on two separate occasions were videoed, one mathematics and 
one science lesson for three teacher (Simon*, Pauline*, Ian^), two science lessons for 
two teachers (Donna*, James^), and  two mathematics lessons for one teacher 
(Rose*). (* indicates teachers from School A; ^ indicates teachers from School B.)  
 The video footage of both lessons on both occasions were returned to each teacher for 
personal viewing with a set of questions to guide their attention and reflection (a 
modified video stimulated recall process). 
 A “reflective interview” with each teacher followed the private viewing on both 
occasions. The first interview explored teacher’s response to the video and the 
questions, and explored teacher background with, commitments to, and beliefs about 
the subjects, as well as exploring any lines of inquiry that were emerging from 
preliminary analyses of classroom observations or prior interviews (involved all 
teachers) (see Darby, 2004, for an explanation of the reflective interview and 
modified stimulated recall process). The second interview was preceded by an 
informal discussion with the teacher about the aims and big ideas represented in the 
unit of which the videoed lessons were a part, then the reflective interview asked 
teachers to explain how this lesson fitted within the unit sequence (involved only 
Simon, Donna and Rose; Pauline participated in the informal discussion but not the 
second reflective interview).  
 A focus group discussion involving the four teachers from School A, with discussion 
based around three statements arising from data analysis followed the first round of 
videoing and reflective interviewing. This involved feeding back to each teacher 
excerpts from their reflective interviews and from literature that related to these 
statements. The statements were: 
o STATEMENT 1: Maths and science place different demands on teachers and 
students.  For example, a student absent from maths for an extended period of 
time is at a greater disadvantage than a student absent from science for an 
equal amount of time. Is this necessarily the case? Are there parts of learning 
and teaching in maths and in science for which this is not really true? 
o STATEMENT 2: a. There are some practices that are translated readily from 
maths to science and vice versa. b. There are some practices in science that 
really should be used more often in maths, and vice versa. c. There are some 
practices that cannot be translated because the subjects are very different. 
What are your views on this? 
o STATEMENT 3: The influences on teachers' treatment of content in their 
teaching, and their attitude to the subject, are in the following order: 1. 
school, personal and work experiences in relation to subject interests; 2. their 
                                                     
1 The IMYMS Project is being undertaken by Russell Tytler and Susie Groves of Deakin University, 
and Annette Gough of RMIT and funded by the Australian Research Council Linkage Grant, and 
linkage partner, Victorian Department of Education and Training. Funding was granted in 2003. My 
Ph. D. is one of two Australian Postgraduate Awards (Industry) associated with this grant. 
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undergraduate degree experience; 3. conversations and interaction with other 
teachers; 4. experiences of teaching the subject; 5. curriculum documents and 
direction by the subject department; and 6. professional development. To 
what extent is this true for you? 
 
Teacher profiles 
This paper draws on data from three of the teachers from School A: Donna, Pauline and Rose. 
School A is a co-education school offering Years 7-12 in a provincial city in Victoria. These 
teachers were selected by the Head of Science to participate in this “video study.”   
 
Donna 
Donna was in her fourth and fifth year of teaching during the project. Donna originally went 
through high school with the intention of becoming a veterinarian but then decided to explore 
her interests in zoology and ecology through a Bachelor of Science. Prior to doing a Graduate 
Diploma of Education in 1999, Donna had been working at a tourism park as an education 
officer, taking tour groups on possum prowls and conducting other environmental activities. 
She also worked at a horse-riding place and managed school and other groups, and been 
involved in dolphin research. School A is Donna’s second school. Throughout her teaching 
career, she has taught junior science at all year levels, senior biology, and some junior 
mathematics. 
 
Pauline 
Pauline was in her second and third year of teaching during the project. She completed a 
three-year Bachelor of Science majoring in physics, then enrolled in a two year teaching 
degree that prepared her to teach Prep to Year 12. Her methods were general science and 
senior physics, but she was also qualified to teach mathematics to Year 12. Pauline chose the 
combination of science and mathematics due to the demand for science and mathematics 
teachers. School A was the second school she has taught at. At both schools she has been 
teaching junior mathematics and science, and Year 11 and 12 Further Mathematics and 
Physics. 
 
Rose 
Rose has been a mathematics teacher for about 15 years. Rose went to university to complete 
a Science Education degree, where she studied maths, statistics, chemistry and physics. She 
had no interest in the science, however, only doing it because she thought she had to. 
Although she has taught science, she chose fairly early on in her career to teach only maths. 
Since completing her training, Rose has taught at various schools. During the project, Rose 
assumed the role of Head of Junior Mathematics. She taught mathematics at all year levels. 
 
Looking for the aesthetic in the relationship between subject culture and 
pedagogy 
Girod et al. (2003) describe aesthetic understanding as being “transformative,” “unifying” and 
“compelling and dramatic” (p.578). These three aspects of aesthetic understanding are 
described below. Each aspect is and illustrated using data from teacher interviews that focus 
on how the subject culture frames the development of these three components of aesthetic 
understanding, and how the teachers’ aesthetic understanding of the subject guides how they 
teach. This helps to understand the relationship between pedagogy, which is underpinned by 
theoretical and perspectival frameworks in relation to teaching and learning (van Manen, 
1990), and cultural practices of the subject, which the teachers participate in and contribute to.   
 
 Compelling and dramatic nature of understanding   
 
This aspect of aesthetic understanding recognises that aesthetic experiences are steeped in 
emotion. Aesthetic experience “…quickens us from the slackness of routine and enables us to 
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forget ourselves in the delight of experiencing the world about us in its varied qualities and 
forms” (Dewey, 1934/1980, quoted in Girod et al., 2003). In such experiences, emotion, 
cognition and action are fused.   
So when Rose says to her students at the beginning of the year “I love maths and by 
the end of the year I want you to really like maths too” she is demonstrating her passion for 
mathematics, that there is something about mathematics that compels her into further 
engagement with it. It is this that she wants to share with the students so that they can 
appreciate mathematics in the same way. Rose explains that she is interested in mathematics 
because it is logical and “it appeals to my logical brain.” A passion for the subject is evident 
here, a passion for the content matter, but also for teaching the content.  
In the focus group discussion I asked the teachers what passion is and what it looks 
like in maths compared to science. Rose shared with me during the focus group discussion an 
experience she had during a lesson where she and a small group of students were working 
together on a different task to the rest of the class. “And I was so engrossed,” Rose exclaimed, 
“I didn’t realise the class had finished. And I turned around and they were all sitting back in 
their chairs, but my kids were so engrossed in what they were doing and really happy.” Donna 
replied, “That’s what passionate looks like in maths!” Rose’s passion for promoting student 
engagement with the subject is recognisably an experience of “flow” where, simply put, a 
person is so engrossed in a task that they lose all sense of time (Csikszentmihalyi, 1997).  
During the focus group discussion, various teachers explained how passion for the 
subject (or discipline) as distinct ways of knowing and bodies of knowledge are evidential in 
the classroom: “You’re interested in it. Enjoy it. If you enjoy something then you’re going to 
impart that enjoyment onto your students” (Rose); and “You can see that [teachers] know 
their stuff and are passionate about maths” (Donna). 
 Teachers’ lack of passion about the subject was also seen as being evident to students: 
“I think kids pick up on it when you don’t enjoy it. If you’re teaching something you don’t 
particularly enjoy, it seems like they muck up more. I dunno, maybe we’re all suffering 
together!” (Pauline) Many authors assert the importance of students seeing that teachers are 
passionate about their subject (see, for example, Darby, 2005b; Education Training 
Committee, 2006; Lane, 2006; Palmer, 1998).  
During the focus group discussion I asked teachers what happens when teachers teach 
outside of their subject area if passion for the subject is so important. In these instances, a 
general passion for teaching students is believed to be important. As Donna explains below, 
this passion is rooted in that which first lured them into teaching:  
Donna: What got you here in the first place, your passion for teaching.You may not 
be happy about it, but you’ve still got the basic passion for teaching to try and do the 
right thing by the kids and you go out of the way to make sure, no matter what subject 
it is, that you’re teaching them the best way you can…. It comes down to that you’re 
teaching people, not the subject.  
This suggests that a passion for teaching can be related to the activity of teaching, separate 
from the content matter under instruction. The passion emerges out of a desire to engage with 
students.  
 
Aesthetic, passion and the subject  
Three forms of passion are evident above: a passion for the subject matter, a passion for 
promoting student engagement with the subject, and a passion for teaching in general. This 
multi-dimensional framing of what drives teachers is represented by Day (2004, p.12): 
To be passionate about teaching is not only to express enthusiasm but also to enact it 
in a principled, value-led, intelligent way. All effective teachers have a passion for 
their subject, passion for their pupils and a passionate belief that who they are and 
how they teach can make a difference in their pupils’ lives, both in the moment of 
teaching and the days, weeks, months and even years afterwards. Passion is 
associated with enthusiasm, caring, commitment, and hope, which are themselves key 
characteristics of effectiveness in teaching. 
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As indicated above by Donna, this sense of care can be perceived of as a passion for teaching 
in general and as separate from the subject matter. This is likely to be important for those 
teachers with a teaching allotment that includes a subject for which they have limited 
experience, training and commitment, and more than likely, passion. The question here is 
where the passion lies for the teacher: in the act of relating with students (as stated by Donna), 
or in the act of engaging students with subject matter that the teacher believes is valuable, 
whether it be process or conceptual (as demonstrated by Rose’s commitments in teaching 
maths). A question remains as to whether a teacher can be effective at engaging students in 
the subject matter if they have little passion, or even appreciation, for the subject. Rose 
believes that teacher interest is vital: “If you’re not interested in something, you shouldn’t 
teach it!” 
 Day also describes the importance of teachers sharing with students a commitment to 
the subject they are teaching:  
When students can appreciate their teacher as someone who is passionately 
committed to a field of study and to upholding high standards within it, it is much 
easier for them to take their work seriously. Getting them to learn then becomes a 
matter of inspiration by example rather than by enforcement and obedience. (p.15) 
The Education and Training Committee’s (2006) inquiry into the promotion of maths and 
science education in Victoria supported this view saying that when promoting student 
engagement there is a. “need for teachers to be passionate and deeply knowledgeable about 
their subject area” (p.172).  
 Following this view, a passion for teaching is more likely to be coloured by a 
teacher’s conceptual and aesthetic commitments to the subjects they teach; therefore, passion 
for teaching, at least at the secondary level, is less likely to be seen as generic, but more likely 
subject specific. Research by Siskin (1994) into the culture of subject departments in 
secondary schools found that what mattered for the teachers in her study was “not simply that 
they teach, but what they teach” (p.155, emphasis in original).  
 Neumann (2006) asserts that, in the context of scholarship in higher education, 
“passion illuminates the complexity of both teaching and research, showing that what resides 
at the heart of both is the learning of a particular subject” (p.413, italics in original). Subject 
here refers not necessarily to a school subject or discipline but a subject of thought on which a 
conversation can be focused. In the classroom, the teacher makes the focus of conversation 
the ideas of maths or science, however, how they represent these ideas depends on the 
teachers beliefs about what the subject can offer the students. For Rose, maths offers training 
in logic and a potentially enjoyable endeavour. A passion for teaching remains, then, to be 
coloured by the teacher’s conceptualisation of the subject. According to this view, pedagogy 
is influenced by an inextricable link between the way teachers see their students and the 
subject: teachers have an understanding of what students need in order to make the subject 
matter have meaning. “Teachers understand and value their subjects for what they offer 
students, and understand their students through the metaphors and assumptions of the 
subjects” (Siskin, 1994, p.158). Consequently, pedagogical knowledge is tied to how the 
teacher understands the knowledge of the subject. Conversely, the content knowledge of 
teachers as representations of the epistemology of the subject is transformed in a way that 
meets the perceived learning needs of the students.   
 
 Learning that brings unification or coherence to aspects of the world or the 
subject  
 
This aspect of aesthetic experience acknowledges that “it is not possible to divide in a vital 
experience the practical, emotional, and intellectual from one another” (Dewey, 1934/1980, 
quoted in Girod et al., 2003, p.578). Experience is complete and results in deep meaning 
because the experience retains its value and wholeness, and this coherence can be used to 
guide future experiences. According to Girod et al., an “aesthetic understanding depends on 
developing a similar coherence of parts, pieces, ideas, and concepts” (p.578). This is evident 
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in the classroom when the learning of individual parts of a concept brings greater 
understanding of the entire concept.  
The teachers in my study referred to this element of aesthetic understanding when 
they talked about planning for different subjects. Donna explains here that, she has a stronger 
grounding in biological science due to personal experiences with the subject matter, the 
discipline, and the type of thinking required, the manifestation of which is a more intuitive 
approach to teaching science than maths: 
 
Donna: I don’t have a big mathematics background, so I have to spend a bit of time 
thinking about what could be available and what I could do; whereas with a science 
background, I think of things just because I’m experienced in that area. So I suppose 
it might depend on how much mathematics you’ve done or what resources you’ve 
been exposed to, what you might know of... I do a lot more prep for a topic like 
physics than I would for chemistry or biology. I’m teaching a nine ten combined class 
in biology, and I’m finding that, like I do my normal prep but I can just go off in class 
and say, I did this and I’ve got this example, and we’ve been having great class 
discussions and fun activities. I wouldn’t have the confidence doing that with a 
physics topic. So I might spend a lot more time researching it, I might check a few 
things with another teacher. But I wouldn’t have that flamboyance in a topic that, 
because I haven’t done physics at all, apart from bits and pieces of it.  
 
Donna attributes her ability to teach biology to her “background” of experiences. At first 
blush it appears that knowledge of content, resources and strategies for teaching accounts for 
her greater confidence with the teaching of biological science. The “flamboyance” she refers 
to hints to something other than knowledge, such as an intuitive sense of how to use the 
science ideas and her experiences to draw students into thinking, talking and engaging with 
the ideas: “You can think of different ways to get it across to the kids.”  
 
Aesthetic, coherence and the subject 
Interestingly, Donna compares her teaching of biology to that of physics, both sciences and 
underpinned by a common philosophy of what constitutes knowledge, but distinct in terms of 
the nature of the phenomena being represented. Donna’s coherent and unified picture of 
biological science stems from her experiences of learning biology and working with these 
science concepts in the natural world. Physics, however, is as foreign for her as any other 
subject that has not been encountered in any meaningful way. It is for this reason that her 
teaching of biology requires less planning and research compared to her teaching of physics 
or maths. There is a degree of understanding of the connections between ideas and content, 
but also how the content is used in a way that is appropriate for student learning. “To know 
something,” states van Manen (1982, p.295), “is to know what that something is in the way 
that it is and speaks to us.” That which first appears cognitive takes on an intuitive nature, and 
this becomes part of what teachers do but may not know that they do or why they do it. 
 
 Perceived transformation of the person and the world   
 
Donna’s description of her teaching above exudes a sense of pride in what she knows and 
how she can share this with students in an engaging way. There is passion, no doubt, but she 
has also “developed a sense of self in which the pride of the craft [is] the key” (Palmer, 1998, 
p.14). A person is transformed by what they have experienced and what they have come to 
know out of that experience. “Knowing changes the individual as well as the individual’s 
world” (Girod et al., 2003, p. 578). The transformative nature of aesthetic understanding can 
lead to identity formation and personal positioning. A person can say “I am the type of person 
that looks at the world in this way.” In the context of my study, this relates to how teachers 
position themselves as teachers of a subject, and how this positioning stems from their 
experiences of teaching, learning and doing maths and science. I describe two teachers here, 
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Rose and Pauline, to demonstrate how they position themselves in relation to the subject 
based on their level of competence and confidence with teaching the subject. 
 
Rose’s transformation 
Rose’s experiences and interests shape the way she sees herself. Rose stated a number of 
times that she describes herself as a teacher of students, not a teacher of the subject: “I see 
myself as a teacher first, not a maths teacher… I’d been looking after little kids from when I 
was this high. I just loved looking after kids.” She situates herself not necessarily outside of 
being a teacher of mathematics, but prefers to identify herself as someone who has strong 
beliefs about the centrality of the student in the teaching-learning interface. This was 
demonstrated also when, on viewing her videoed lessons, she said that: “I looked for how the 
kids were working ‘cause that’s interesting.  What I said and how I responded to the kids. To 
their needs. That’s what I look for.” 
Rose, therefore, has developed an aesthetic understanding that has transformed her 
into a person that is attentive to the needs of her students, and this sense of care compels her 
to teach mathematics in a way that makes it less threatening for students:   
ROSE: I want them to enjoy maths. Because maths is a threatening subject, it is so 
threatening because it is so sequential…[At the start of the year] there was hardly 
anyone that liked maths, some of them thought they were good at it, but hardly any of 
them liked it. You ask them now they have come right round because they enjoy it.  
Because she understands the threatening nature of school maths, her sense of care for 
the students compels her to employ actions that remove the threat and make her view of 
“maths-as-enjoyable” more accessible and in the realm of possibility for her students.  
 
Pauline’s identity crisis as she negotiates subject boundaries 
Pauline spoke of a rich science background with interests and studies in physics, and many 
engaging and interesting experiences in relation to science. In order to get a sense of how 
Pauline situates herself in relation to maths and science, I need to first reconstruct Pauline in 
relation to the previous two aspects. Evident in the following quote is a confidence in how she 
expresses an appreciation for the purpose of science in her own and her students’ lives, as 
well as what it means to be passionate about science:   
PAULINE: I find my knowledge of Science extends to everything. It extends to when 
I go to the Doctor and I talk about my health … everything I do is informed by my 
science knowledge, and I just think that scientific literacy is so important for kids to 
get the most out of themselves, out of their world… I like collecting [stories]. I don’t 
think I have enough. I like telling stories and getting the kids’ stories out as well. And 
I have found that when I studied science they were the things that got me excited 
when a teacher told me a really interesting story and I don’t know if mine are 
interesting or not, but I know that they were the sort of things that got my interest 
going in science and why I wanted to do more.  
 In comparison, limited expertise in maths teaching makes it difficult for Pauline to be 
confident in her abilities, and she defers to a label of science teacher rather than maths 
teacher, as evident in the following quotes:  
 “I am not really experienced enough or done enough PD to know better ways of 
doing it. A major part of my PD plan, especially for middle years, is doing more PD 
and finding better ways to teach stuff ‘cause I don’t like the way I teach Maths at the 
moment” 
 “I think I am a crap maths teacher.” 
 “It is funny. I feel more confident teaching science than I do maths, even though I 
have been teaching both for the same amount of time” 
 “I have always felt Maths is kind of my fall-back method. Whereas if I was asked to 
describe myself I would describe myself as a Science teacher, first and foremost.” 
Quite clearly, Pauline has a stronger sense of herself in relation to science teaching 
than maths teaching. She attributes this partly to her limited background experience with 
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maths: “Well my maths method is just a thing on paper that says that I did maths to second 
year at Uni. There was nothing that I did in my teaching degree that prepared me for teaching 
mathematics. The only preparation that I had was my rounds.” She laments at not knowing 
how to make maths learning more interesting for her students because of her limited intuitive 
sense of what will work in the classroom, she is less capable of finding resources and 
knowing what to look for, and she has a limited sense of how to be passionate about teaching 
the subject in a way that will profit student learning at the junior level. She enjoys teaching 
maths at the senior level because she enjoys toiling over problems with the students, but she is 
unable to do this as much at the junior level. These limitations to her knowledge led her to the 
conclusion that she is less comfortable with the label of maths teacher than she is with that of 
science teacher.  
 
Aesthetic, identity and the subject 
In Beijaard’s (1995) research into the interplay between the private and public in developing 
identity, he makes a distinction between role and identity – hope and courage, care and 
compassion, he asserts, are associated with identity, not role. In the above example, Pauline 
appears to accept the role of maths and science teacher, but her identity arises out of her 
history of caring for and committing to science as an area of study.  
In Pauline’s description above, she attributes her lack of confidence in maths teaching 
with lacking the knowledge of how to teach. Earlier, Donna recognised that her teaching of 
biology is benefited by knowing what activities will work and when. Day (2004), however, 
points out that knowing what and how to teach is not limited to cognitive engagement. He 
states that “good teaching can never be reduced to technique or competence” (p.15). Good 
teachers, he asserts, tend not to describe themselves only in terms of technical competence, 
but also acknowledge that “teaching and learning is work that involves the emotions and 
intellect of self and student” (p.64). This difference between a competence view and the 
aesthetic was demonstrated by Pauline’s appraisal of herself as a maths teacher and a science 
teacher. Her deficit view in relation to maths that she attributes to limited technical 
competence is based on limited knowledge of what and how to teach, and her hope lays in 
future professional development to provide useful strategies for teaching. By comparison, her 
appraisal of her competence and confidence in science was laden with meaningful 
experiences and stories from a history of engaging with the subject. Pauline exhibited a richer 
sense of herself in relation to her science teaching, one that is positive and based not solely on 
competence, but she also aligns herself with science teaching at an emotional level. Her 
knowledge of how and what to teach is ‘continuous with’ her aesthetic response, meaning that 
one cannot think of one without the other.   
 
Insights and implications 
The previous analysis and discussion have explored the idea that a teacher’s aesthetic 
understanding of and response to the subject determines: where their passions lie with respect 
to teaching the subject, to what extent they have a coherent and intuitive sense of what is 
required to teach the subject, and how the teacher is transformed by what they know as they 
develop an identity in relation to the subject. These discussions are valuable in understanding 
the relationship between subject culture and pedagogy for two reasons.  
 
Appreciation for the aesthetic in the teaching act 
The first is that a framework of aesthetic understanding helps to clarify and assign some level 
of importance to the role of the aesthetic in the teaching of subject matter to students. A 
teacher who can be regarded as having an appreciative aesthetic understanding of the subject: 
 is compelled by and passionate about the subject and students engaging with the 
subject;  
 has a coherent, unified and intuitive sense of what the subject is about and how to 
bring it to life for students; and  
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 has been transformed by what they know and believe in a way that aligns them to 
personally and professionally identify with the subject.  
Being attentive to the aesthetic when evaluating teaching redirects the question from simply 
asking, what does the teacher know and belief about the subject and what is required to teach 
it? Instead, the question becomes, how does what the teacher know and believe affect her 
sense of who she is in relation to the subject, and how does this personal positioning spill out 
into the classroom? The analysis has shown that a teacher with an appreciative aesthetic 
understanding of a subject see themselves, the subject matter, their teaching and their students 
in relation to the subject. Even Rose, who labelled herself as a teacher of students rather than 
a teacher of the subject, expressed her sense of care in the context of, and in response to, the 
nature of the subject and what was required for students to learn. The student is central to her 
conceptualisation of the subject. She was unable to describe what the subject is like without 
including stories about her interactions with students on a personal level, and in relation to 
how the students learn in the subjects. By talking about how she interacts with students and 
the students’ learning needs, Rose gives clues as to her values and aesthetic commitments to 
the subject, which is viewed through a lens of what the subject offers her students as well as 
what it offers herself as learner, practitioner and teacher of the subject. 
 A common emphasis in current science education reform is to draw on and respond to 
student interests in selecting contexts for teaching science-related content. Pivotal in 
achieving this end is giving teachers space within the curriculum to inject their own interests, 
hobbies and expertise in constructing such contexts. Tytler (2007) provides examples of 
innovation occurring in schools where “teachers with serious interests [felt] that they were 
being given permission to import these into the classroom” (p.57-58): 
In one school a teacher with no previous history of innovation was encouraged by the 
SIS coordinator, who knew of his interest in winemaking, to initiate a Chemistry of 
wine making unit. The school is now producing award-winning wines. (p.52, italics in 
original) 
These types of stories, he asserts, exemplify a re-imagined science education for Australia. 
Hence, teachers’ interests are highlighted as important in the development of local content 
and approaches. In these situations, teachers are more likely to possess an aesthetic 
understanding that is deeply rooted in teachers’ experiences, and where the subject matter has 
personal meaning for the teacher. Pedagogical practices can be enriched by a deep 
understanding of the associated content, which, provided the learning needs and interests of 
students are taken into account, provide a strong foundation for knowing what value it might 
have for students and how such contexts could be generative of new interests for students. 
 
The aesthetic in the negotiation of subject boundaries 
Secondly, examining teachers from the perspective of aesthetic understanding provides 
insight into what is involved for teachers, aesthetically, as they move between subjects and 
their enacted subject cultures. Such insights are particularly pertinent at present when a 
shortage of suitably qualified maths and science teachers is resulting in a relatively high 
percentage of teachers teaching out-of-field, that is, teaching a subject for which they lack 
tertiary training, and arguably, limited experience, commitment and, aesthetic understanding. 
A survey involving 8.2% of teachers of junior science in Australia (Harris, Jensz, & Baldwin, 
2005) showed that 16% of respondents lacked a minor in any university science discipline, 
while 8% had not studied any tertiary science. Similarly, a survey of mathematics teachers 
from 30% of Australian schools (Harris & Jensz, 2006) showed that 20% of teachers of junior 
mathematics had not studied maths beyond first year, while 8% had no tertiary training in 
mathematics. Other reports in the media reflect similar or higher proportions of teachers 
teaching outside their fields of expertise (Rodd, 2007; Topsfield, 2007). The figures are even 
more startling for teachers beginning their careers. Unfortunately, these teachers are more 
likely to be asked to teach out-of-field than their experienced colleagues (Ingersoll, 1998). A 
recent study of beginning teachers in Australia showed that 40.1 % of teachers nationally and 
57% in Victoria had taught subjects outside their qualifications (Rodd, 2007).  
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 While it is acknowledged that tertiary training will not automatically result in 
effective teaching, the major concern both nationally and internationally is that without solid 
tertiary experience in the discipline, teachers lack content knowledge, and without studies in 
the teaching of a subject, teachers are not equipped with the variety of methods and teaching 
skills required to teach the subject effectively (Darling-Hammond, 2000; Education Training 
Committee, 2006; Ingersoll, 1998; Thomas, 2000).  
 The data reported in this paper suggests also, that a teacher teaching out-of-field, 
whether it be a science teacher teaching maths (in the case of Pauline) or a biologist teaching 
physics (in the case of Donna), potentially has limited or unappreciative aesthetic 
understanding of what the subject can offer his/her students. This has implications especially 
when the history of engagement with the subject has been negative, restricted to poor 
traditional learning experiences, or limited. Reliance on traditional teaching approaches may 
result, as may a lack of “flamboyance” in the way the subject is presented, with a potential 
outcome of not demonstrating for students what it looks like to appreciate the subject. Also 
teachers teaching outside of their disciplines, such as a mathematics teacher teaching science, 
may bring with them a sense of what constitutes good teaching appropriate for one subject 
that may seem inappropriate in another. A theoretical framework of aesthetic understanding, 
therefore, helps to identify the barriers, disconnections, and lacking appreciations that may 
prevent teachers who are not trained in the discipline from personally engaging with the 
subject, which, inevitably impacts negatively on the quality of teaching. The problem for the 
“untrained” maths or science teacher is not simply a lack of content knowledge, but this 
framework of aesthetic understanding gives significance to the importance of teachers being 
committed to the subject, being able to identify with it, and knowing how to bring the subject 
matter alive for students.  
 Tertiary training is considered to be the most effective determinant of whether a 
teacher is suitable for teaching a subject. Having a background in a discipline, it is assumed, 
equips teachers with the disciplinary knowledge to draw on in their teaching, but it also 
equips teachers with an appreciation and enthusiasm for the subject that can be transmitted to 
students (Darby, 2005a, 2005b), something that is a quality of effective teachers and 
potentially lacking for teachers teaching out-of-field (Ingvarson, Beavis, Bishop, Peck, & 
Elsworth, 2004). However, other research shows that, while a teacher’s practice is dependent 
on the experiences that the teacher has had with the subject or discipline, these experiences 
are not necessarily related to exposure at university level. For example, other factors, such as 
career trajectory (Siskin, 1994) and professional development focusing on changes to teacher 
beliefs (Russell Tytler, Smith, & Grover, 1999), have been found to be cogent in determining 
how teachers approach teaching and learning. There is an assumption here that teachers can 
be inducted into the culture of a subject through their experiences, and that, with further 
training, teachers can improve their competence and confidence in teaching a subject for 
which they have previously had limited background. Competence is used here to refer to 
teachers’ development of knowledge and skills that are: subject-specific, such as content 
knowledge (CK) and pedagogical content knowledge (PCK); and generic, including 
pedagogical knowledge (PK) (Shulman, 1986, 1987). Confidence relates to teachers’ attitudes 
(Ernest, 1989; Koballa, 1988), agency and self-efficacy (Boaler & Greeno, 2000), 
professional identity (Connelly & Clandinin, 1999) and aesthetic understanding as is 
described in this paper. Allowing inexperienced teachers of the subject to have an aesthetic 
experience of the subject matter through targeted professional development may allow them 
to see themselves and their identity in relation to subject matter ideas. 
 
Conclusion 
The analysis teases out what it can mean for a teacher to be compelled by and passionate 
about the subject and students engaging with the subject, to have a coherent and unified sense 
of what the subject is about and how to bring it to life for students, and to be transformed by 
what he/she knows and believes in a way that aligns them to personally and professionally 
identify with the subject. The teachers’ construction of the subject, their students and teaching 
is not simply cognitive but has an aesthetic dimension. An implication of this is that teachers 
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who teach outside of their subject area—their subject area typically being dependent on 
whether they are “maths- or science-trained”—may be lacking an appreciative aesthetic 
understanding. Their aesthetic response to the content matter and how to teach it may be 
unlike that of someone who has an appreciative aesthetic understanding of the subject. Such 
teachers may: attempt to bring in a style appropriate for a subject that has a different set of 
demands: have a limited set of experiences with relevant phenomena, processes, ways of 
thinking and attitudes that can feed into their teaching; and fail to exhibit a passion for the 
subject and what the subject can do for their students. Consequently, any efforts to improve 
maths and science education should be aware that allowing teachers to experience the subject 
in a way that results in aesthetic appreciation for the beauty and elegance of maths and 
science is just as valuable as them developing conceptual and pedagogical knowledge 
associated with the subject. A teacher may then experience content in ways that allow them to 
more clearly see themselves in relation to subject matter ideas.  
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